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Abstract: Differences between the results of in vitro swine embryo development are due to little 
knowledge of the culture influence factors like provenience of biologic material. culture system involved or the 
composition of media that differ from one study to another. Considering this. there is a need for more studies in 
order to optimize culture conditions as well as for elucidating the specific of preimplantation embryo`s 
metabolism. This is the main goal of this study. where after in vitro production of swine embryos. these were 
cultured in glucose. lactate and pyruvate supplemented media under different combinations. The results allowed 
us to elucidate at least the early preimplantation embryo`s preferences for energetic substrate.  
 
INTRODUCTION 
 
 In conformity with the date from special literature. the rate of swine embryos cleavage 
stage is between 20 and 75%. while the proportion of new formed blastocysts is between 2 
and 36%. The results are situated in large limits because of in vitro culture systems and 
culture media were used. The obtain of IVF consecutive piglets was made occasionally. 
mainly by using IVF media: TCM 199. TALP and TBM (Cheng. 1985; Mattioli et al.. 1989; 
Yoshida et al.. 1993; Abeydeera et al.. 1998; Rath et al.. 1999 – after Coy et al.. 2002). 
 In comparison with in vitro development of bovine embryos. in the case of swine ones 
the effects of components that are parts of the composition of media or those that are added 
afterwards are not very well known. The metabolism of glucose was evaluated in Flood and 
Wiebold studies in 1988 (Pollard et al.. 1995). They concluded that as an energetic source. 
glucose is important from the moment of morulae compactase till the blastocysts hatching. 
Preliminary studies of Abeydeera indicated the fact that the NSCU 23 medium without any 
glucose is also benefic for the embryo culture in the first 72 hours (Day. 2000). 
 In this study we decided to underline the particularities of the embryo’s energetic 
metabolism for their early-concerning in vitro development capacities till morula stage. 
 
MATERIAL AND METHOD 
 
 The ovaries was collected from prepuberal gilts (90-100 kg) slaughtered at S.C. 
Primacom S.R.L. Târgu-Mureş. The collected of follicular oocytes was made using aspiration 
punction as a method. with 2 ml syringes. G 22 needles and TCM 199 adding bovine albumin 
serum (BSA) and heparin.  
 The boar ejaculated was obtained by gloved hand method (Miclea. 2003). After the 
collection of sperm-rich fraction. the dilution was made 1:1 with Beltsville thawing solution 
extender (BTS) with antibiotics (50 UI/ml penicillin G and 50 µg/ml streptomycin sulphate).  
 For maturation the oocytes were distributed in 20 COC groups per 30 µl microdrop 
under a thin layout of mineral oil. We used TCM 199 maturation medium (with Hepes. Earle 
salt and L-glutamine) supplemented with hormones (10 UI/ml Chorulon. 10 UI/ml Foligon 
and 1 µg/ml 17 β-estradiol). serum (10 % FCS) and antibiotics (50 UI/ml penicillin G and 50 
µg/ml streptomycin sulphate). The pH was verified and corrected at the value of 7.4. The 
culture was made in an incubator for 42/44 hours. in a controlled atmosphere: 38oC and 5% 
CO2 in air. 
 For the preparation of spermatozoa centrifugation methods was using. When they were 
washed we used TAPL-Hepes medium (modified Tyrode medium. supplemented with 4 
mg/ml BSA. 10 µl/ml Na-lactate. 0.288 µg/ml Na-pyruvate. 50 UI/ml penicillin G. 50 µg/ml 
streptomycin sulphate and 10 mM Hepes. 7.8 pH). After the three centrifugations at 600 g for 
10 minutes. the spermatozoa pellets was suspended in the TALP-Fert medium (Tyrode 
albumin lactate pyruvate medium with an addition of antibiotics and 1.68 mg/ml NaHCO3) 
and we determined motility and concentration. 
 In vitro fecundation stage was also made in microdroplets culture system. groups of 20 
mature oocytes being put in 30 µl TALP-Fert medium. The concentration of capacitated 
spermatozoa was 1 x 106/ml. and the gametes were co-cultured at 38oC and 5% CO2 in air. 
After 16 hours of culture. spermatozoa that remained on the surface of zona pellucida of the 
oocytes/embryos were washed out. After washing. the oocytes/embryos were cultured in 
vitro. in 30 µl microdroplets of modified Tyrode medium. supplemented with BSA and 
different energetically sources (table 1).  
Embryo development was monitored for 92 hours (4 culture days). Microscopic 
evaluation of embryo development stage was made daily. The embryo development stage was 
considered of 2 cells (2 blastomeres). 4 cells (3 to 4 blastomeres). 8 cells (5 to 8 blastomeres). 
16 cells (9 to 16 blastomeres) and morula (more then 17 blastomeres).  
 
Table 1  
 
Type and concentration of the energetically source in development media of swine embryos 
 
Experimental trial No. of repetition The type of energetically sources* 
C 5 glucose. Na-lactate and Na-pyruvate 
G 5 glucose 
L 5 Na-lactate 
P 5 Na-pyruvate 
G+L 5 glucose and Na-lactate 
G+P 5 glucose and Na-pyruvate 
L+P 5 Na-lactate and Na-pyruvate 
* concentration of energetically source for all the experimental trials: 5.5 mM glucose; 23.92 mM Na-lactate; 0.31 mM Na-pyruvate 
          
The results were statistically analyzed using ANOVA with one way. When ANOVA 
presented considerable differences. we used Tukey-Kramer Multiple Comparisons Test. All 
statistic analyses were made by using GraphPad InStat. 
 
 
RESULTS AND DISCUSSIONS  
 
For all necessary repetitions concerning experimental trials we worked on 90 ovaries 
and for IVM we selected 840 oocytes (obtaining an average of 18.6 quality oocytes per 
prepuberal gilts). After morphological evaluation of COC post-incubation. 702 oocytes were 
mature. the average of maturation rate being 83.57%. Immediately after the co-culture of 
gametes we determined the rate of cleavage. the average per all experimental trial being 40.57 
± 2.39.  
The fecundation rate was also influenced by the provenience of oocytes which was 
underlined in studies of Marchal et al. (2001). Table 2 presents the results of early 
development of embryos from the stage of 2 cells to the one of morula.    
 
Table 2  
 
Early development of embryos made in vitro in media with different energetically supplementations 
 
The percentage of embryos development (mean ± s.e.m.) Experimental 
trials 
No. of 
oocytes 2 cells 4 cells 8 cells 16 cells Morula 
C 102 46.8 ± 3.58 37 ± 2.32 
23.2 ± 
1.53 
16.6 ± 
1.21 10.6 ± 1.81 
G 103 21 ± 2.17 14.4 ± 2.02 7.4 ± 0.98 5.4 ± 1.69 3.6 ± 1.69 
L 101 36.4 ± 3.46 26.6 ± 4.37 
17.8 ± 
4.62 
11.9 ± 
3.48 8 ± 3.39 
P 97 27.6 ± 2.25 19.2 ± 2.85 
14.2 ± 
2.94 9.2 ± 2.48 6 ± 2.45 
G+L 100 54 ± 4.30 47 ± 3.39 35 ± 1.58 27 ± 2.55 15 ± 1.58 
G+P 100 41 ± 2.92 29 ± 2.92 20 ± 2.74 13 ± 2.55 9 ± 2.93 
L+P 99 56.4 ± 4.63 54.4 ± 4.57 
45.2 ± 
2.56 
31.2 ± 
1.86 22 ± 2.00 
 
 Researchers studied bovine. swine. mice and hamsters concerning in vitro cultivated 
embryos preferences for the energetic substrate. Conclusions coming from then results show 
the importance of glucose in medium for the forming and expanded stages of blastocysts 
(Gomez and Diez. 2000).  
Complexity of the events we mentioned above needs high energy qualities and glucose 
may satisfy these requirements (Kazuhiro Kikuchi et al.. 2002). In vivo the events are located 
at uterine level. where the embryotroph has a complex composition. different from that of the 
oviduct (Kwang-taek Lim et al.. 2003).   
Due to particular metabolic model at bovine. mouse. hamster and rat it was 
demonstrated that glucose inhibit embryo development before morula compactation stage or 
before blastocysts stage.   
If compare the percents of embryos that reached the morula stage in the culture trials 
with a single energetic source or the culture trials with combination of two kinds of energetic 
sources we can say that in trials that glucose is present. the results are weaker (3.6% vs. 8% 
respectively 6%; 9% respectively 15% vs. 22%). 
  
 However. the statistic analyze of this case does not indicated considerable differences 
in 2 cells stage or morula stages (one exception. P < 0.01 a difference of between morula 
obtained in lactate and pyruvate medium and those obtained in lactate and glucose medium). 
 Statistic results demonstrated a very important aspect; the positive effect of lactate on 
in vitro early development of swine embryos. So. eight of nine considerable differences of 
results comparison concerning 2 cells embryo stage implies those trials of media that include 
in their composition lactate in combination with pyruvare. glucose or both of them (positive 
control group). 
 
Table 3 
Statistic analyze by Tukey-Kramer Multiple Comparisons Test for embryos in 2 cells and morula stage 
 
2 cells  
morula
 
M G L P G+L G+P L+P 
M - ns ns ns ns ns * 
G *** - ns ns * ns *** 
L ns ns - ns ns ns ** 
P ** ns ns - ns ns *** 
G+L ns *** * *** - ns ns 
G+P ns ** ns ns ns - ** 
L+P ns *** ** *** ns ns - 
 
 Following embryo development to the morula stage. we can observe that early 
embryos prefer energetic substrate represented by organic acids (lactate and pyruvate) more 
than the combinations with glucose or only one energy source. The results of Iwasaki et al.. 
studies (1999) led to a very similar conclusion: the effect of lactate in swine embryo 
development is more important than inhibition by glucose. Due to significant differences 
concerning comparison of lactate + glucose media vs. glucose and to significant differences 
between media containing lactate + pyruvate and lactate + glucose. observed after 92 hours of 
culture. we can say that in vitro production swine embryos prefer for energetic metabolism 
mainly lactate. than pyruvate. while the presence of glucose is important in compactation of 
morula and formation and elongation of the blastocysts.   
 
CONCLUSIONS 
 
Figure 1. Swine embryos in 16 
cells – morula stages at 92 
hours from in vitro fecundation 
(magnified 160 x) 
 After in vitro development of early swine embryos. the main conclusions concerning 
their preferences for energetic substrate are: 
- in vitro produced embryos prefer organic acids like lactate and pyruvate as an 
energetic substrate; 
- embryos need more than one energetic source in culture medium (significant 
differences P < 0.001 comprising the results of trials of media containing 2 or even 3 
sources and those supplemented with a single energetic source); 
- requirements for energetic metabolism of preimplantation embryos changes from one 
stage to another. fact that determines the use of a correct medium for every in vitro 
development stage.   
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